We studied dampness and mold in China in relation to rhinitis, ocular, throat and dermal symptoms, headache and fatigue. A questionnaire study was performed in six cities including 36 541 randomized parents of young children. Seven self-reported signs of dampness were evaluated. Multilevel logistic regression models were used to calculate odds ratios (ORs). Totally, 3.1% had weekly rhinitis, 2.8% eye, 4.1% throat and 4.8% skin symptoms, 3.0% headache and 13.9% fatigue. Overall, 6.3% of the homes had mold, 11.1% damp stains, 35.3% damp bed clothing, 12.8% water damage, 45.4% window pane condensation, 11.1% mold odor, and 37.5% humid air. All dampness signs were associated with symptoms (ORs from 1.2 to 4.6; P < 0.001), including rhinitis (ORs from 1.4 to 3.2; P < 0.001), and ORs increased by number of dampness signs. The strongest associations were for mold odor (ORs from 2.3 to 4.6) and humid air (ORs from 2.8 to 4.8). Associations were stronger among men and stronger in Beijing as compared to south China. In conclusion, dampness and mold are common in Chinese homes and associated with rhinitis and ocular, throat and dermal symptoms, headache and fatigue. Men can be more sensitive to dampness and health effects of dampness can be stronger in northern China.
| INTRODUC TI ON
The home is the indoor environment where we spend most (65%) of our time.
1 One of the most well-documented indoor risk factors for impaired respiratory health is dampness, which includes water damage, damp spots, visible mold, and mold odor. Many epidemiological studies have been published, linking dampness to an increased risk of asthma, 2 asthmatic symptoms, 3, 4 respiratory infections, 3, 5 and rhinitis. 3, 6 Mold odor has been pointed out as the dampness indicator with the strongest association with asthma 2 and rhinitis. 6 Associations between dampness in the home environment and mucosal symptoms (eg, eye, nose, and throat symptoms), general symptoms (eg, headache and fatigue), and dermal symptoms have been demonstrated in studies from northern Europe [7] [8] [9] [10] [11] [12] [13] [14] and Japan. [15] [16] [17] [18] [19] [20] A few studies have investigated these symptoms among adults in relation to dampness in workplace buildings. [21] [22] [23] [24] China is the most populated country in the world, a middle-income country with rapid changes in indoor environmental exposures linked to modernization and urbanization. There are only a few population studies available reporting data on self-reported dampness and mold in Chinese homes. Parents of preschool children in the city of Taiyuan in northern China reported that 19.5% of the homes had water leakage or floor dampness and 6.9% had visible indoor mold growth. 25 The large SNEC study from seven north east cities in China reported that 10.5% of the homes had indoor mold growth. 26 One investigation of dorm rooms of university students in Tianjin reported that 12.2% of the rooms had visible indoor mold and 31.4% had a history of water damage. 27 However, few previous studies exist from China on the consequences of dampness and mold in homes for adult health. The CCHH study (China Children Home Health) is a multicenter observational study across China on associations between children's health and the home environment. [29] [30] [31] [32] The parentally administered questionnaire in CCHH asked about the children's health but contained some information on parent's health (one parent per child answered the questionnaire). Two cities within the CCHH study (Chongqing and Changsha) have reported associations between dampness and rhinitis, eye, nose, throat and dermal symptoms, headache and fatigue among parents of young children. 33, 34 The aim was to study associations between different signs of indoor dampness and mold in homes across China and medical symptoms (including rhinitis, ocular, throat and dermal symptoms, headache and fatigue) among parents of young children in Beijing and five cities in south China (Shanghai, Nanjing, Wuhan, Chongqing, Changsha). Our hypothesis is that there are positive associations between the seven signs of dampness and the medical symptoms (including three merged symptom categories).
| MATERIAL S AND ME THODS

| Ethics statement
Consents were obtained from parents or guardians of participating children before the study. The study and the consent procedure were approved by the Ethic Committee of School of Public Health, Fudan University, China.
| Study subjects
The present article is based on merged data from six cities from the CCHH study performed in 10 Chinese cities from December 2010 to January 2012. The participation rate in the CCHH study was 77%.
Eight cities contributed to the merged database and six of the cities had the version of 12 medical symptoms in the last 3 months used in this article. The study population consisted of the parents of children attending randomly selected day care centers in the six cities (Beijing, Shanghai, Nanjing, Wuhan, Chongqing, and Changsha). One parent
Pr ac tic al Implic ations
• There is an obvious need for improvements of dampness conditions in Chinese homes.
• Since there are mostly weak correlations between different signs of dampness, it is important to assess different types of dampness indicators in indoor epidemiology to cover all aspects of dampness.
• More detailed technical investigations are needed in
China to identify underlying causes of dampness in homes in China to be able to improve the home environment and to build homes with less dampness in the future.
K E Y W O R D S
dampness, home environment, mold odor, rhinitis, sick building syndrome, water damage per child (1-8 years) answered the questionnaire. The questionnaires were mostly completed by the child's parents, but in some cases by grandparents or other persons. Totally, 36 541 were answered. We excluded questionnaires answered by grandparents (n = 1945) or other persons (n = 378) and those without information on who had answered it (n = 1659). The current study was restricted to the parents in order to get a more homogenous population with respect to age range and home environment exposure. Grandparents and other persons who answered the questionnaire may not live permanently in the dwelling. Finally, 32 559 questionnaires were included.
| Questionnaire
The questionnaire included questions on the current home environ- 
| Statistical analysis
In all statistical analysis, sometimes symptoms or never symptoms were coded 0 and weekly symptoms were coded 1. In the logistic regression models, "not known" (an option used for the question on water damage only) was coded as 0. At least one weekly mucosal symptom (itching, burning, or irritation of the eyes; irritating, stuffy, or runny nose; hoarse, dry throat, or cough).
c At least one weekly skin symptom (dry or flushed facial skin, scaling/itching scalp or ears and hands dry, itching, red skin).
| RE SULTS
Of the 32 559 participants included in the study, 74.0% were women. Data on the prevalence of weekly symptoms in the last 3 months (12 symptoms and 3 combined variables) are given in Table 1 , stratified by gender, asthma/allergy, and smoking. All symptoms, except cough, difficulties concentrating, skin symptoms from the scalp/ears, and skin symptoms from the hands were more common among women. All symptoms were more common among subjects with allergic asthma or rhinitis. Smokers had a lower prevalence of headache, eye symptoms, and facial skin symptoms, but a higher prevalence of cough ( Table 1) .
As a next step, we compared building-related data between
Beijing and the southern cities ( Associations between the dampness variables and the three merged health variables (any weekly general, any weekly mucosal, and any weekly skin symptoms) were analyzed by multilevel logistic regression (Table 3 ). All seven dampness variables were associated with the merged health variables (P < 0.001). The highest ORs were found for mold spots, weekly mold odor, and weekly perception of humid indoor air. Then, we analyzed health associations for the dampness/mold score (0-6). Due to low prevalence of higher scores, scores higher than 2 were combined. The score was significantly associated with all types of symptoms, with increasing ORs by increasing score numbers (Table 5) .
We performed sensitivity analysis, stratifying by gender.
Associations between mold odor and health were stronger among men. For general symptoms and weekly weekly mold odor, OR was 3.82 (95% CI 1.95-7.48) among men and 2.34 among women (95% CI Figure 1 and Table S1 ). Moreover, associations for water damage in the last 12 months were stronger among men, especially for skin symptoms (OR = 2.92; 95% CI 1.94-4.38 for men and OR = 1.38; 95% CI 1.08-1.76 for women) ( Figure 1 and Table S1 ).
Most other ORs were similar among men and women.
Then, we made a sensitivity analysis with respect to location (Beijing vs the southern cities) (Figure 2 and Table S2 Figure 2 and Table S2 ).
Finally, we performed sensitivity analysis, stratified by atopy (defined as allergic asthma or allergic rhinitis). Most associations were similar, but associations between mold odor and general and dermal (Table S3) .
TA B L E 4 Associations [OR (95% CI)] between dampness and mold and weekly symptoms (for five core symptoms) by two-level logistic regression models (N = 32 559)
Dampness indicators
Fatigue
| D ISCUSS I ON
Signs of dampness and indoor mold were common in homes in China, especially in southern China. We found associations between seven different signs of dampness or mold at home and rhinitis, throat symptoms, cough, and nonrespiratory symptoms (eye and skin symptoms, headache, and fatigue). The strongest health associations were found for mold spots, mold odor, and perception of humid air.
Health associations for mold odor and water damage were stronger among males. Health associations for water damage and moldy odor were stronger among subject with atopy while health associations for window pane condensation in winter were stronger in the nonatopic group. Association between dampness indicators and health were stronger in Beijing as compared to the southern cities, especially for mold odor. To our knowledge, this is one of the largest studies on rhinitis and nonrespiratory symptoms among adults in relation to dampness and mold in the home environment.
Selection bias can be a problem in epidemiological studies. Our study is based on parents (one per child) of preschool children recruited from randomly selected day care centers in six cities across
China. All parents in the selected day care centers were invited. The sample size was quite large, and the overall participation rare in the CCHH study was good (77%). 29 In China, about 80% of all children aged 3-5 years attended a day care center, and in urban areas, the day care attendance is even higher. 30 One limitation is that our study covers mainly urban areas and only six cities. The one child policy was still valid when the study was performed, and thus, most of the children had no siblings. The study subjects were young parents and more mothers than fathers answered the questionnaire. This could have caused a selection bias related to gender, with symptomatic fathers tending to participate in the study. On the contrary, we found that most symptoms were more common among females, and none of the symptoms were more common among men. The higher prevalence of symptoms among women agrees with previous studies. 37, 38 Bearing these limitations of our study in mind, we can conclude that it should be reasonably representative for parents of young children in urban areas of China.
Another problem in epidemiological studies can be reporting bias. The "auto-suggestion" effect can influence subjective report on exposure as well as symptoms. In China, the main concern is health risks of outdoor air pollution. Health risks associated with indoor dampness or mold have not been a public issue in China. Moreover, we found different ORs for different types of symptoms and different types of dampness indicators. In conclusion, it is less likely that our results are severely influenced by recall bias but the lack of objective assessment of dampness and mold and the cross-sectional study design limits the possibility to draw conclusions on causality. a Dampness/mold index: Damp stains and mold spots on floor/ceiling were coded as "1" and "0" (yes and no), water damage and moldy odor were coded as "0", "1", and "2", by adding numbers of home indoor dampness problems as the dampness/mold index (ranging between 0 and 6). b At least one weekly general symptom (fatigue, feeling heavy headed, headache, nausea/dizziness, and difficulties concentrating). c At least one weekly mucosal symptom (itching, burning, or irritation of the eyes; irritating, stuffy, or runny nose; hoarse, dry throat, or cough). d At least one weekly skin symptom (dry or flushed facial skin, scaling/itching scalp or ears and hands dry, itching, red skin).
TA B L E 5 Associations [OR (95% CI
Models were adjusted for gender, atopy, current smoking, and house size. *P < 0.05. **P < 0.01. ***P < 0.001.
Finally, confounding is an important issue in epidemiology. A confounder is a variable related to the health variables as well as the exposure variables. The socioeconomic status (SES) of the family has been suggested to be a potential confounder (linked to health as well as dampness or mold at home). We do not have data on family income in our study but we adjusted for size of the home in our models. Size of the home has been demonstrated to be an indicator (proxy variable) of family income and socioeconomic status in USA 36 as well as in China. 31 Associations between socioeconomic status and dampness or mold at home have been investigated in a study multicenter study across Europe. Manual workers reported less water damage but more mold at home as compared to managerial/professional workers.
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We found that many subjects reported symptoms in the last 3 months but few reported weekly symptoms. The most common weekly symptom was fatigue, and the prevalence of other individual weekly symptoms was rare (1%-4%). Our results concerning symptom prevalence in China are similar as in two previously published articles from the Changsha 31 and Chongqing 30 centers of the CCHH study. The prevalence of weekly fatigue in our study was 13.9%, which is 1.6 times higher than that in the Chongqing study but similar as in the Changsha study.
We found that most symptoms were more common among women. This result agrees with many previous studies on symptoms included in the so-called sick building syndrome (SBS). [40] [41] [42] One explanation could be differences in the indoor or occupational exposure. Women with children can spend more time at home and the job exposure in nonindustrial workplaces (eg, at office work) can be higher among women. 37 Other researchers have suggested that sex differences in personality traits could explain the differences in symptom prevalence. 38 Moreover, we found that subjects with a history of atopy (allergic asthma or allergic rhinitis) had a higher prevalence of all type of symptoms. This is in agreement with previous studies on this topic. [40] [41] [42] Tobacco smoking was not a major determinant of symptoms, except for cough, which is in agreement with conclusions from previous review articles. [40] [41] [42] Our main results were consistent associations between reported dampness and mold at home and rhinitis as well as nonrespiratory symptoms (eg, eye symptoms, skin symptoms, headache, and fatigue). Our results concerning an association between dampness and rhinitis are consistent with the conclusions from a recent review article. 6 However, it should be noted that this conclusion is mainly based on studies on childhood rhinitis. Only two studies on adult F I G U R E 1 Associations between different dampness indicators and any general symptom (A), any mucosal symptom (B), and any skin symptom (C) by two-level logistic regression models, stratified by gender. Models were adjusted for atopy, current smoking, and house size rhinitis were identified and included in this review. Our findings concerning associations between dampness or mold and nonrespiratory symptoms are in agreement with previous studies from northern Europe 7-14 and Japan. [15] [16] [17] [18] [19] [20] However, our study is one of the largest studies on this topic and one of few studies from China.
We found the most pronounced health associations for mold odor, for rhinitis as well as for nonrespiratory symptoms. The results concerning mold odor and rhinitis are in agreement with the review article on rhinitis. They found that mold odor had the strongest association with rhinitis. 6 Moreover, we found that the health associations for mold odor were stronger for men as compared to women.
To our knowledge, this is a new finding. On the contrary, one article from Canada reported that women were more sensitive to dampness at home. 43 Moreover, we found stronger health associations for mold odor and water damage in Beijing, as compared to the southern cities. One explanation could be that due to the cold climate in homes in Sweden and United Kingdom has been reported to be associated with higher relative air humidity and increased levels of house dust mite allergens in dust. 44, 45 Previous studies have found an association between window pane condensation at home in winter and rhinitis in Japan 18 and China. 46 Moreover, window pane condensation at home in winter has been reported to be associated with mucosal, general, and dermal symptoms. 19 Moreover, one Swedish study reported positive associations between window pane condensation in winter and fractional exhaled nitric oxide (FeNO), a biomarker of airway inflammation. 47 In this study, there were health associations for all seven dampness indicators, and the ORs increased by number of dampness signs in the home, indicating a dose-response relationship. We created a dampness/mold index by adding the number of signs of dampness or mold at home. Similar dampness indexes have been F I G U R E 2 Associations between different dampness indicators and any general symptom (A), any mucosal symptom (B), and any skin symptom (C) by logistic regression models, stratified by Beijing vs southern cities. Models were adjusted for gender, atopy, current smoking, and house size used in previous studies. 46, 48 dampness-related exposures. 50 Another study measured indoor carbon dioxide (CO 2 ) and other indoor air pollutants in homes in Shanghai. 51 Indoor CO 2 is an indicator of ventilation flow in relation to personal load and should be below 1000 ppm. Most living rooms had CO 2 levels below 1000 ppm, whereas over half of the child's bedrooms had CO 2 levels slightly over 1000 ppm during night. They concluded that air quality among most residences in Shanghai could meet the national standard for indoor air quality in warm seasons; but ventilation status in winter should be improved. 51 Another publication from the same home inspection study in Shanghai reported indoor concentrations of airborne fungi. 52 The mold levels were higher in spring and winter than in 
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